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Translation of JP Kokai 3-223863 

(Appln. No. 2-19614, filed Jan. 30, 1990) 



SPECIFICATION 

1. Title of the invention 

A resist material 

2 , The claims 

(1) A resist material characterized by comprising a heat- 
resistant resin consisting of 'a constituent having functional 
groups capable of being imparted with alkali solubility by 
undergoing a chemical change by heating under an atmosphere of 
acid and a constituent capable of imparting heat resistance to 
the resin, a photosensitive compound capable of generating an 
acid by exposure to light as represented by the general formula 
[I] given below and a solvent capable of dissolving both of 
them: 

R £ - 0 2 S - C - S 0 2 - R S 

' :, ■ m 

[in the formula, R 1 0 and R 2 „ denote, each independently from 
the other, a straightly linear, branched or cyclic alkyl group 
having 1 to 10 carbon atoms, haloalkyl group having 1 to 10 
carbon atoms, alkenyl group having 2 to 10 carbon atoms, phenyl 
group, substituted phenyl group (the substituent group being 
a halogen atom, straightly linear, branched or cyclic alkyl 
group having 1 to 10 carbon atoms, straightly linear or branched 
alkoxy group having 1 to 10 carbon atoms, haloalkyl group having 
1 to 10 carbon atoms, nitro group, nitrile group or amido 
group) , aralkyl group or substituted aralkyl group (the substi- 
tuent group being a halogen atom, straightly linear, branched 
or cyclic alkyl group having 1 to 10 carbon atoms, straightly 
linear or branched alkoxy group having 1 to 10 carbon atoms, 
haloalkyl group having 1 to 10 carbon atoms, nitro group, 
nitrile group or amido group) ] . 

(2) The resist material described in Claim 1 in which the 
heat-resistant resin consisting of a constituent having func- 
tional groups capable of being imparted with alkali solubility 






by undergoing a chemical change by heating under an atmosphere 
of acid and a constituent capable of imparting heat resistance 
to the resin is a resin represented by the general formula [II] 
given below: 



[in the formula, R 1 denotes a methyl group, isopropyl group, 
tert-butyl group, methoxymethy 1 group, isopropoxymethyl group, 
tetr ahydropyranyl group, tetrahydrof uranyl group, tr imethy Isily 1 
group, tert-butoxycarbonyl group or isopr opoxycarbony 1 group, 
R 2 denotes a hydrogen atom, halogen atom or methyl group, R 3 
denotes a hydrogen atom, p-hydroxypheny 1 group, p-chloropheny 1 
group, phenyl group, cyano group or -COOR 7 (R 7 denoting a 
branched or cyclic alkyl group having 3 to 10 carbon atoms or 
hydrogen atom), R 4 and R 6 denote, each independently from the 
other, a hydrogen atom, methyl group or halogen atom, R 5 denotes 
a hydrogen atom, cyano group or -COOR 8 (R 8 denoting a branched 
or cyclic alkyl group having 3 to 10 carbon atoms or hydrogen 
atom), R 9 denotes a hydrogen atom or -COOR 10 (R 1 0 denoting a 
branched or cyclic alkyl group having 3 to 10 carbon atom or 
hydrogen atom) and k and 1 denote, each independently from the 
other, a natural number] . 

(3) The resist material described in Claim 1 in which the 
heat-resistant resin consisting of a constituent having func- 
tional groups capable of being imparted with alkali solubility 
by undergoing a chemical change by heating under an atmosphere 
of acid and a constituent capable of imparting heat resistance 
to the resin is a resin represented by the general formula [III] 
given below: 




OR' 




[III] 
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[in the formula, X is an oxygen atom or N- (CH 2 ) 4 -R 1 1 (R l 1 
denoting a straightly linear, branched or cyclic alkyl group 
having 1 to 10 carbon atoms or phenyl group optionally having 
a substituent group and q denotes 0 or a natural number), 1' 
and p denote, each independently from the other, 0 or a natural 
number and R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 9 and k each have the same 
meaning as above] . 

3. Detailed description of the invention 
[Field of industrial application] 

The present invention relates to a resist material used 
in the manufacture of semiconductor devices and the like. More 
particularly, related to is a resist material for the formation 
of a positive pattern by the use, of a light source of 400 nm 
or shorter such as the i-line light of 365 nm, far ultraviolet 
light of 300 nm or shorter such as the KrF excimer laser beam of 
248.4 nm and the like, as the energy source of light exposure. 
[Prior art technology] 

Along with the trend toward higher densities of integration 
in semiconductor devices, in recent years, the light source of 
light exposure apparatuses used in fine works or, inter alia, 
photolithography is shifting toward shorter wavelengths now 
resulting in the study of KrF excimer laser beams (248.4 nm) . 
Nevertheless, none has been discovered yet of the resist 
materials suitable for this wavelength. 

When MP 2400 (a product by Shipley Co.), accepted to have 
a considerably high photosensitivity and good light transmis- 
sivity to the KrF excimer laser beams, is used, for example, 
it is not suitable for use due to the very poor pattern profile 
after development as a consequence of the large surface absorp- 
tion of the novolac resin per se as the base polymer to the 
exposure light and the low photor eact i vity of the naphthoquinone 
dia2ide-bas ed compound as the photosensitizing agent. Further, 
a resist material comprising a resin having high transmissivity 
to the light in the vicinity of 248.4 nm and a photosensitive 
compound having a -C0-CN 2 -C0- group in the molecule has been 
developed as a resist material for the KrF excimer laser beams 
or far ultraviolet light as the light source (for example, 



official publication of Japanese Patent Kokai Mo. 64-80944, 
official publication of Japanese Patent Kokai No. 1-154048, 
official publication of Japanese Patent Kokai No. 1-155339 and 
elsewhere) . 

Also, there has been developed a pattern-forming material 
comprising a photosensitive compound having a -C0-CN 2 -C0- group 
and a -S0 2 C1 group in the molecule (for example, official 
publication of Japanese Patent Kokai No. 1-188852, Y. Tani , 
et al., SPIE's 1989 Sympo . , 1086-03 and elsewhere). By making 
reference to Figure 4, a method for pattern formation is illus- 
trated with this resist material. A semiconductor substrate 
1 is spin-coated with the resist material 5 to give a resist 
material film of 1.0 Jim (Figure 4(a)). Incidentally, it is 
often the case here that an oxidized film, electroconductive 
film and insulating film are formed on the substrate 1. In 
the next place, selective light exposure is undertaken through 
a mask 4 with a KrF<excimer laser beam 3 of 248.4 nm (Figure 
4(b)). In the last place, thereafter, the resist material 5 in 
the exposed areas is dissolved and removed away by performing 
development using a conventional alkaline developer solution 
(0.24% aqueous solution of tetr amethylammonium hydroxide) to 
give a pattern 5a (Figure 4 (c) } . Figure 5 shows the ultraviolet 
spectra of this resist material film (1 pm) before and after 
the light exposure. As compared with 70% in the resin used 
in a thickness of 1 iim, this resist material after exposure to 
light exhibits a low tr ansmi t tance of 40% to indicate that no 
sufficient photofading can be obtained. As a result of a 
pattern forming experiment, besides, the aspect ratio of the 
pattern is about 70 degrees not to give a satisfactory pattern 
profile. Further, Figure 6 shows the 7 -characteristic of this 
resist material film (1 urn), according to which the sensitivity 
of this resist material is about 140 to 150 mJ/cm 2 . In the use 
of a resist material containing a photosensitive compound having 
a -CO-CN2 -CO- group, the sensitivity is, usually, around 100 
to 300 mJ/cm 2 so that it is the present status that a difficulty 
is encountered in the practical application by the use of the 
KrF excimer laser beam (243.4 nm) having a low energy efficiency 
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notwithstanding the high output. In recent years, furthermore, 
a chemical-sensitizat ion resist material utilizing an acid 
generated by light exposure as an intermedium is proposed as 
a means for decreasing the energy dose of light exposure [H. 
Ito, et al., Polym. Eng. Sci,, volume 23, page 1012 (1983)] 
and various reports have been submitted relating thereto (for 
example, W.R. Brunsvold, et al., SPIE's 1989 Sympo., 1086-40 
and T. Neenan, et al., SPIE's 1989 Sympo., 1086-01). The resins 
used m these chemical-sens iti zat ion resist materials, however, 
have problems of low light transmiss i vity in the vicinity of 
248.4 nm as a consequence of a relatively large number of 
aromatic rings therein, poor heat resistance of the resin and 
so on . 

Further, as to the photosensitive compound, for example, 
onium salts such as triphenyl sulfonium tet r a f luor oborat e are 
said to have a difficulty in the practical application in a 
semiconductor manufacturing line due to the low stability of 
solution, although their inherent performance can be exhibited 
immediately after preparation of the resist material, and esters 
of 2 , 6-dmitrobenzyl sulfonic acid, although stability of the 
compound as such can be acknowledged, are subject to occurrence 
of problems of scums left on the exposed areas, poor pattern 
profile and so on after a development treatment because 2-nitro- 
6-nitroso benzaldehyde formed by light exposure is insoluble 
in the developer solution conventionally under use (aqueous 
solution of tetr amethy lammonium hydroxide). Further, tris- 
(methane sulfonyloxy) benzene- is not suitable as a photosensi- 
tive compound in a chemical-sensitization resist due to the low 
sensitivity as compared with the above mentioned photosensitive 
compounds . 

[Problems to be so'lved by the invention] 

Thus, it is unavoidable for a resist material containing 
a photosensitive compound having a -C0-CN 2 -CO- group that a good 
pattern profile can hardly be i obtained and a large exposure 
energy dose is required because the photofading of the photo- 
sensitive compound is low and the -CQ-CN 2 -CO- groups must be 
brought under a photoreact ion . Further, chemical-sensitization 
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resist materials cannot be used unless the light transmiss i vity 
of the resin in the vicinity of 248.4 nm is improved or the heat 
resistance of the resin is increased and, in the same time, the 
photosensitive compound is required to generate an acid with 
a decreased light exposure energy dose and to have stability 
as a solution along with a high transmiss ivity of the acid 
generated by the photor eact ion . 
[Object of the invention] 

The present invention, which has been completed in view 
of the above described situations, has an object to provide a 
resist material comprising a resin having high transmissivity 
after light exposure with the i-line light, far ultraviolet 
light such as KrF excimer laser beams and the like and a photo- 
sensitive compound capable of efficiently generating an acid 
with high sensitivity (low light exposure energy dose) and 
exhibiting stability in a solution along with high transmis- 
sivity of the acid generated by the photoreact ion . 
[Constitution of the invention] 

The constitution of the present invention is as follows to 
accomplish the above described object. 

"A resist material characterized by comprising a heat- 
resistant resin consisting of a constituent having functional 
groups capable of being imparted with alkali solubility by 
undergoing a chemical change by he'ating under an atmosphere of 
acid and a constituent capable of imparting heat resistance to 
the resin, a photosensitive compound capable of generating an 
acid by exposure to light as represented by the general formula 
[I] given below and a solvent capable of dissolving both of 
them : 



[m the formula, R 1 Q and R 2 0 denote, each independently from 
the other, a straightly linear, branched or cyclic ^alkyl group 
having 1 to 10 carbon atoms, haloalkyl group having 1 to 10 
carbon atoms, alkenyl group having 2 to 10 carbon atoms, phenyl 
group, substituted phenyl group (the substituent group being 



RA-0 2 S-C-S0 2 -RS 
II 

N 2 



[I] 



-6- 



a halogen atom, straightly linear, branched or cyclic alkyl 
group having 1 to 10 carbon atoms, straightly linear or branched 
alkoxy group having 1 to TO carbon atoms, haloalkyl group having 
1 to 10 carbon atoms, nitro group, nitrile group or amido 
group) , aralkyl group or substituted aralkyl group (the substi- 
tuent group being a halogen atom, straightly linear branched 
or cyclic alkyl group having 1 to 10 carbon atoms, straightly 
linear or branched alkoxy group having 1 to 10 carbon atoms, 
haloalkyl group having 1 to 10 carbon atoms, nitro group, 
nitrile group or amido group)] 

Chemical sensitization is utilized in the resist material 
of the present invention in order to minimize the light exposure 
energy dose. Namely, the resist material of the present 
invention is a novel resist material characterized by using, 
in combination, a heat-resistant resin (referred to as "the 
resin according to the present invention" hereinafter) consist- 
ing of a constituent having a functional group capable of being 
rendered alkali-soluble by undergoing a chemical change by 
heating under an atmosphere of the acid generated from an acid 
generating agent by exposure ^to light and a constituent capable 
of imparting heat resistance to the resin or, namely, a 
constituent having an activity to suppress softening of the 
resin as a whole against heating and a novel photosensitive 
compound. The constituent having a functional group capable 
of being rendered alkali soluble by heating under an atmosphere 
of acid according to the present invention (referred to as "the 
constituent having a specified functional group" hereinafter) 
is exemplified, for example, by the monomers having a protective 
group dissociable with an acid such as p-hydroxys tyr ene deriva- 
tives, p-hydroxy-a -methyl styrene derivatives and the like. 
Particular examples include, for example, p-methoxy styrene, 
p-isopropoxy styrene, p-t ert-butoxy styrene, p-methoxymethoxy 
styrene, p- isopropoxymet hoxy styrene, p- t etrahydropyr any loxy 
styrene, p-tetrahydrofuranyloxy styrene, p-trimethylsilyloxy 
styrene, p-t er t-butoxycarbony 1 oxy styrene and p-isopropoxy- 
carbonyloxy styrene as well as p-hydroxy-a -me thy 1 styrene 
derivatives having similar protective groups to those in these 



p-hydroxystyrene derivatives and so on, though not limited 
thereto as a matter of course. Further, the constituent capable 
of imparting heat resistance to the resin, which can be any one 
provided that softening of the resin as a whole even by heating 
at 100 °C or higher or, more preferably, by heating at 140 °C 
or higher can be suppressed by the use of this constituent, 
is exemplified, for example, by the monomers such as p-hydroxy- 
styrene, p-chlorostyrene , styrene, a -methylstyrene , 
f umaronitr i le , monoisopropy 1 maleate, mono-t ert-buty 1 maleate, 
di-t ert-butyl maleate, monocyclohexy 1 maleate, maleic anhydride, 
N-phenyl maleimide, N-subst ituted phenyl maleimides, N-methyl 
maleimide, N-n-butyl maleimide and the like as more generally 
suitable ones. 

The resin according to the present invention can be 
expressed, for example, by the general formula [II] or [III] 
given below. 




[II] 



[in the formula, R 1 denotes a methyl group, isopropyl group, 
tert-butyl group, methoxymethy 1 group, isopropoxymethyl group, 
tetrahydropyranyl group, tetrahydrof uranyl group, trimethylsilyl 
group, tert-butoxycarbony 1 group or isopropoxycarbony 1 group, 
R 2 denotes a hydrogen atom, halogen atom or methyl group, R 3 
denotes a hydrogen atom, p-hydroxyphenyl group, p-chloropheny 1 
group, phenyl group, cyano group or -C00R 7 (R 7 denoting a 
branched or cyclic alkyl group having 3 to 10 carbon atoms or 
hydrogen atom) , R 4 and R 6 denote, each independently from the 
other, a hydrogen atom, methyl group or halogen atom, R 5 denotes 
a hydrogen atom, cyano group or -C00R 8 (R 8 denoting a branched 
or cyclic alkyl group having 3 to 10 carbon atoms or hydrogen 
atom), R 9 denotes a hydrogen atom or -C0OR 1 0 (R 1 0 denoting a 
branched or cyclic alkyl group having 3 to 10 carbon atoms or 
hydrogen atom) and k and I denote, each independently from the 
other, a natural number] 





1 * x o=c 



X 
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[in the formula, X is an oxygen atom or N- (CH 2 ) q -R 1 1 (R 1 1 
denoting a straightly linear, branched or cyclic alkyl group 
having 1 to 10 carbon atoms or phenyl group optionally having 
a substituent group and q denotes 0 or a natural number), l f 
and p denote, each independently from the other, 0 or a natural 
number and R 1 , R z , R 3 , R 4 , R 5 , R 6 , R 9 and k each have the same 
meaning as above] 

Although these resins represented by the general formula 
[II] or [ 1 1 1 1 are typical ones of the resin according to the 
present invention, the resin according to the present invention 
is never limited to these compounds as a matter of course. 

Particular examples of the resin according to the present 
invention include, for example, copolymers of p-isopropoxy 
styrene "and a -methylstyrene , copolymers of p-tetrahydropyranyl- 
oxy styrene and p-hydroxystyr ene , copolymers of p-tert-butoxy 
styrene and p-hydroxystyr ene , copolymers of p-tert-butoxy- 
carbonyloxy styrene and monocyc lohexy 1 ester of maleic acid, 
copolymers of p-tert-butoxycarbonyloxy styrene and a -methyl- 
styrene, copolymers of p-tert-butoxy styrene and f umaronitri le , 
copolymers of p-methoxymethoxy styrene and p-chlorostyr ene , 
copolymers of p-methoxymethoxy styrene, monocyc lohexyl ester 
of maleic acid and maleic anhydride, copolymers of p-tetra- 
hydrof uranyloxy styrene and N-methyl maleimide, copolymers of 
p-tert-butoxycarbonyloxy styrene, p-hydroxystyr ene and maleic 
anhydride, copolymers of p-t etr ahydr opyr any loxy styrene, p- 
hydroxystyrene and f umaronitri 1 e , copolymers of p-tert-butoxy- 
carbonyloxy styrene, p-hydroxystyr ene and M-butyl maleimide, 
copolymers of p-tetrahydropyr any loxy styrene, p-hydroxystyrene 
and N-phenyl maleimide and the like, though not limitative 
thereto . 

The resin according to the present invention can be easily 
obtained by conducting copolymer ization of one kind or two kinds 
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or more of the above described constituents (monomers) having 
a specified functional group and one kind or two kinds or 
more of the constituents (monomers) capable of imparting heat 
resistance to the resin according to the conventional method for 
the preparation method of copolymers. Namely, for example, one 
kind or two kinds or more of the above described constituents 
(monomers) having a specified functional group and one kind or 
two kinds or more of the constituents (monomers) capable of 
imparting heat resistance to the resin are subjected to a 
polymerization reaction for 1 to 10 hours at 50 to 100 °C under 
a stream of nitrogen in an organic solvent such as benzene, 
toluene and the like in^ the presence of a radical polymerization 
initiator [for example, an azo-based polymerization initiator 
such as azobisisobutyronitrile, 2,2'-azobis(2,4-dimethyl 
valeronitr ile) , 2 , 2 ' -azobis (methyl 2-methylpropionat e) and the 
like, peroxide-based polymerization initiator such as benzoyl 
peroxide, lauroyl peroxide and the like, and so on] and the 
reaction is followed by a post-treatment according to a conven- 
tional method for obtaining a polymeric compound to isolate 
the same. 

It may be needless to say, furthermore, that the resin 
according to the present invention can be easily obtained by 
a method in which the above mentioned specific functional group 
is adequately introduced into a polymer such as a commercially 
available poly (p- viny lphenol) by a chemical reaction. 

The resin according to the present invention has a weight- 
average molecular weight (Mw) of, usually, around 1000 to 40,000 
or, preferably, around 3000 to 20,000. 

In the photosensitive compound represented by the general 
formula [I] to be used in'the present invention, the alkyl 
group of the straightly linear, branched or cyclic alkyl groups 
denoted by R l 0 and R 2 0 and the alkyl group of the haloalkyl 
groups are exemplified, for example, by the alkyl groups having 
1 to 10 carbon atoms such as methyl group, ethyl group, propyl 
group, butyl group, amy 1 group, hexyl group, octyl group, decyl 
group and the like, the halogen of the haloalkyl group is 
exemplified by chlorine, bromine, fluorine and iodine, the 



alkenyl group is exemplified , for example , by the alkenyl groups 
of 2 to 10 carbon atoms such as vinyl group, 1-propenyl group, 
2-propenyl group (allyl group), 2-butenyl group, isopropenyl 
group, 1 , 3-butadienyl group, 2-pentenyl group, 1-hexenyl group 
and the like and the aralkyl group is exemplified, for example, 
by the aralkyl groups of 7 to 10 carbon atoms such as benzyl 
group , phenethy 1 group , phenyl propyl group , phenyl butyl group 
and the like. Further, the alkyl group of the straightly 
linear, branched or cyclic alkyl -groups as the substituent group 
of the substituted phenyl groups and substituted aralkyl groups, 
the alkyl group of the straightly linear or branched alkoxy 
groups and the alkyl group of the haloalkyl groups are exem- 
plified, for example, by the alkyl groups of 1 to 10 carbon 
atoms such as methyl group, ethyl group, propyl group, butyl 
group, amyl. group, hexyl group, octyl group, decyl group and 
the like and the halogen of the haloalkyl groups is exemplified 
by chlorine, bromine, fluorine and iodine. 

On the way of extensive investigations for a photosensitive 
compound capable of generating an acid by exposure to light, 
the inventors have discovered that the transmiss i vity after 
exposure to light is greatly improved and the image resolution 
is greatly increased when a photosensitive compound susceptible 
to bleaching by light exposure or, namely, the photosensitive 
compound represented by the above given general formula [I] 
is used by virtue of the internal cell effect as compared with 
the use of a conventional photosensitive compound leading to 
completion of the present invention. 

As the solvent used in the present invention, which can 
be any of those capable of dissolving both of the resin and 
the photosensitive compound , usual ly those having no absorption 
in the vicinity of 365 nm and 248.4 nm are used more preferably. 
More particularly, it is exemplified by ethyl Cellosolve 
acetate, methyl Cellosolve acetate, diethyleneglycol dimethyl 
ether, ethyl lactate, methyl lactate and dioxane as well as 
ethyleneglycol monoi sopropy 1 ether and the like, though not 
limitative thereto as a matter of course. 

The resin according to the present invention has no light 



absorption in the wavelength region of 300 nm or longer and has 
very high light transmiss i vity to the i-line light of 365 nm. 
Further, generation of an acid with the i-line light has been 
confirmed from the acid generating agent enabling utilization 
of the chemical sensitization effect. Accordingly, the resist 
material of the present invention is a resist material with 
which pattern formation is possible using the KrF excimer laser 
beam (248.4 nm) or i-line light (365 nm) of a low light exposure 
dose by the utilization of the method of chemical sensitization. 
[Performance] 

To give a description on the performance of the present 
invention, firstly, an acid is generated in the portion exposed 
to the KrF excimer laser beams, i-line light and the like, for 
example, according to the photor eact ion shown by (A) given 
below . 

I 

U 



R6-0 2 S-C-S0 2 -Rg hV 

il > 



N 2 



•H?0 
— c — > 



(A) 

Ri -0 2 S -CHS0 3 H 
I 

AS 

When the step of light exposure is followed by a heat 
treatment, a chemical change takes place on the functional 
groups of the resin by the acid according to the reaction 
equation (B) given below to be rendered alkali-soluble so as 
to be dissolved away in the developer solution by development. 




Cll * CH 2 * 



0C (CH 3 ) 3 




(B) 



On the other hand, no chemical changes take place in the 
unexposed areas by a heat treatment not to cause appearance 
of alkali-soluble groups because no acid is generated there. 
Since the resin per se has high heat resistance, furthermore, 
softening of the resin is not found in the course of the heat 
treatment. When pattern formation is 'thus undertaken by using 
the resist material of the present invention, a great difference 
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is produced in the solubility in an alkaline developer solution 
between the exposed areas and unexposed areas and, in addition, 
the resin in the unexposed areas does not cause softening in the 
course of the heat treatment so that, as a consequence thereof, 
a positive pattern having good contrast is formed. Further, 
as is shown by the above given reaction equation (B) , the acid 
generated by exposure to light has a catalytic activity so 
that the exposure to light can be so low as only to generate 
a requisite acid enabling to decrease the exposure light energy 
dose. 
[Examples] 

In the following, the present invention is described in 
more detail by way of Examples and Reference Examples which, 
however, never limit the present invention in any way. 
Reference Example 1 . 

A polymerization reaction of 88 g of p-ter t-butoxy styrene 
and 39 g of f umaronitrile was conducted in toluene as a solvent 
at 90 °C for '2 hours under a stream of nitrogen in the presence 
of 2 , 2 f -azobis (methy 1 2-methylpropionate) . After the reaction, 
the reaction mixture was poured into methanol to cause precipi- 
tation of crystals and the precipitated crystals were collected 
by filtration and dried to give 120 g of a copolymer of p-tert- 
butoxy styrene and f umaronitrile (Mw about 10,000). 



Example 1 . 

A resist material consisting of the following composition 
was prepared . 




Copolymer of p- t ert-butoxy styrene and f umaronitrile 
(compound obtained in Reference Example 1) 




6.0 g 
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H,eQ-o,s-c-so,.cH, o>5 g 

N 2 

Diethyleneglycol dimethyl ether 15.0 g 

The method for pattern formation using the above described 
resist material is illustrated by using Figure 1. A substrate 
1 such as a semiconductor and the like was spin-coated with the 
above described resist material 2 which was subjected to soft- 
baking on a hot plate at 90 °C for 90 seconds to give a resist 
material film of 1.0 urn film thickness (Figure 1(a)). In the 
next place, selective exposure was performed through a mask 4 
with the KrF excimer laser beams 3 of 248.4 nm (Figure 1(b)). 
Then, baking on a hot plate for 90 seconds at 130 °C was 
followed by development for 60 seconds with an alkaline devel- 
oper solution (2.38% aqueous solution of tetramethylammonium 
hydroxide) so that the resist material 2 in the exposed areas 
only was dissolved and removed away to give a positive pattern 
2a (Figure 1(c)). Figure 2 shows the ultraviolet spectra of 
this resist material film (1 urn) before and after exposure to 
light. While the tr ansmittance is about 55% before exposure, 
a high tr ansmittance of about 78% is exhibited after exposure. 
Further, the positive pattern here was a line-and-space pattern 
of 0.25 um having a good profile with an aspect ratio of about 
88 degrees. Figure 3 further shows the r -characteristic of 
this resist material film (1 um) . This material had a high 
sensitivity with a- minimum exposure dose of about 18 mJ/cm 2 . 
Example 2 . 

A resist material was prepared in the same manner as m 
Example 1 excepting for the replacement of the resin in Example 
1 with a styrene-based resin shown below and the same experiment 
as in Example 1 was undertaken. 

Copolymer of p- t ert-butoxy styrene and p-hydroxys tyrene 
(Mw about 13,000) 




(k/I=l/l ) 



As a result, the same satisfactory results as in Example 
1 could be obtained. Pattern formation of a positive pattern 
obtained by using this resist material was possible with a light 
exposure energy dose of about 15 mJ/cm 2 . 
Example 3 . 

A resist material was prepared in the same manner as in 
Example 1 excepting for the replacement of the photosensitive 
compound in Example 1 with a compound shown below and the same 
experiment as in Example 1 was undertaken. 



H 3 C^0 2 S-C-S0 2 ^H 3 

As a result, the same satisfactory results as in Example 

1 could be obtained. Pattern formation of a positive pattern 
obtained by using this resist material was, possible with a light 
exposure energy dose of about 23 mJ/cm 2 . 

Example 4. 

A resist material was prepared 'in the same manner as in 
Example 2 excepting for the replacement of the photosensitive 
compound in Example 2 with a compound shown below and the same 
experiment as in Example 2 was undertaken. 

0 2 KD" 0 2 S " jj * S ° 2 N ° 2 

As a result, the same satisfactory results as in Example 

2 could be obtained. Pattern formation of a positive pattern 
obtained by using this resist materi'al was possible with a light 
exposure energy dose of about 32 mJ/cm 2 . 

Example 5 - 

Copolymer of p-methoxymethoxy styrene and maleic acid 
(Mw about 15,000) 

■ CH - CH 2 N - CH- 






6.0 g 



o=c c=o 

[ 

0CH 2 0CH 3 ^ / lt \H0 
( k/l/ P = 2/l/l ) 
HsCHzC-OzS-C-SOz-CHzCHa 0.3g 
N 2 
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Diethyleneglycol dimethyl ether 15.0 g 

The same experiment as in Example 1 was undertaken by using 
a resist material prepared in the above described composition. 

As a result, the same satisfactory results as in Example 
1 could be obtained. Pattern formation of a positive pattern 
obtained by using this resist material was possible with a light 
exposure energy dose of about 15 mi/cm 2 . 
[Advantages of the invention] 

When the resist material according to the present invention 
is used as a resist material for exposure to light with a light 
of 400 nm or shorter such as the i-line light of 365 nm, far 
ultraviolet light of 300 nm or shorter (deep UV) such as the 
KrF excimer laser beams (248.4 nm) and the like, a fine pattern 
of the submicron order having a good profile can easily be 
obtained. Accordingly, the present invention has a great value 
for the formation of an ultrafme pattern in the semiconductor 
industry and the like. 

Incidentally, this resist material can be used quite satis- 
factorily with electron beams and X-rays although advantageous 
effects can be exhibited particularly with the i-line light, 
far ultraviolet light and KrF excimer laser beams. 
4. Brief description of the drawing 

Figure 1 to Figure 3 each show the results obtained in 
Example 1, of which Figure 1 is a cross sectional figure of 
the process steps in the method of pattern formation by the use 
of the resist material of the present invention, Figure 2 shows 
the ultraviolet spectra of the resist material of the present 
invention (in which the solid line is for that before light 
exposure and the broken line is for that after light exposure) 
and Figure 3 shows a graph of the r -characteristic of the 
resist material of the present invention. And, Figure 4 is a 
cross sectional figure of the process steps m the method of 
pattern formation by the use of a conventional resist material, 
Figure 5 shows the ultraviolet spectra of a conventional resist 
material (m which the solid line is for that before light 
exposure and the broken line is for that after light exposure) 
and Figure 6 shows a graph of the r -characteristic of a 
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conventional resist material. 

1 ••• substrate , 2* ••'film of the resist material of the 
present invention, 3«*-KrF excimer laser beam, 4- • -mask, 
5- ••film of conventional resist material, 2a- • -resin pattern 

Applicant for patent: Wako Pure Chemical Industries, Ltd. 
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